The aim of this study was to assess the accuracy of ultrasound measurements for predicting carcass traits in 124 Spanish pascual-type lambs (13 to 16 kg carcass weight). Ultrasound images were taken transversal and longitudinal to the vertebral column and at thoracic (TV; between 12th and 13th ribs) and lumbar (LV; between fi rst and second lumbar vertebrae) locations. Skin thickness, subcutaneous backfat thickness (BFT), and depth (DLD), width (WLD), and area (ALD) of longissimus dorsi were obtained with ImageJ 1.42q software. After slaughter, BFT (TV, 2.30 ± 0.06 mm; LV, 2.46 ± 0.06 mm), DLD (TV, 2.47 ± 0.03 cm; LV, 2.48 ± 0.03 cm), WLD (TV, 4.50 ± 0.04 cm; LV, 4.60 ± 0.04 cm), and ALD (TV, 9.96 ± 0.12 cm 2 ; LV, 10.19 ± 0.13 cm 2 ) were directly measured on the lamb carcass. Correlations between ultrasound and direct carcass measurements were greater than 0.61 for DLD, WLD, and ALD (P < 0.05) whereas they fl uctuated between 0.32 and 0.60 for BFT (P < 0.05); moreover, correlations were signifi cantly (P < 0.05) greater for transversal than for longitudinal views. In a similar way, linear regression analyses suggested a moderate underestimation for BFT and lumbar DLD when using real-time ultrasound technologies whereas WLD, ALD, and thoracic DLD suffered from underand overestimation for small and large values of carcass traits, respectively. After decomposing the mean square prediction error (MSPE) for the different ultrasound measurements, we found that the error due to disturbance contributed most to the MSPE followed by the error of central tendency and the error due to regression. The SE of prediction (SEP) was also calculated as an additional precision indicator, obtaining estimates less than that in previous studies with larger lambs. In conclusion, transversal ultrasound measurements at the thoracic and lumbar levels could be a useful tool for predicting DLD, WLD, and ALD in light lambs, perhaps suffering from worse prediction properties when focusing on BFT. This information could be of special relevance for light lamb producers worldwide, with a special emphasis in the Mediterranean basin where this kind of production system accounts for a large percentage of the sheep industry.
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Backfat thickness and longissimus dorsi real-time ultrasound measurements in light lambs 1 INTRODUCTION
Lambs are typically reared under intensive management conditions (Castro et al., 2005) and slaughtered at young ages in North Mediterranean areas, either immediately after weaning (10 to 12 kg live BW) or after a short fattening period (20 to 30 kg live BW). Within this context, carcass conformation and fatness become basic criteria of quality and price (Sañudo et al., 2000) , and the delayed rate of fat deposition at young ages (Bellof and Pallauf, 2004) anticipates the need for accurate tools to evaluate carcass composition and conformation, even in live animals. Real-time ultrasound techniques have been successfully used to predict body composition in livestock (Herring et al., 1998) . They allow assessment of carcass traits at both relatively low cost and easy application in comparison to other techniques (Stanford et al., 1998) , preventing damage to the fi nal product and providing valuable data. Even though some studies have evaluated the usefulness of real-time ultrasound in predicting carcass composition in lambs at different anatomical locations (Delfa et al., 1995; Fernández et al., 1997; Teixeira et al., 2006; Leeds et al., 2008; Sahin et al., 2008; Ripoll et al., 2009; Thériault et al., 2009) , contradictory results were reported for light lambs.
Within this context, the main objective of this research was to evaluate the performance of in vivo ultrasound measurements of backfat thickness and longissimus dorsi muscle traits in light lambs (approximately 25 kg of live BW and approximately 3 mo of age at slaughter). More specifi cally, lambs involved in this study belonged to the meat-type Lacaune breed, the Ripollesa breed, and their fi rst-generation cross. The Ripollesa is a Spanish meattype sheep breed with medium size (rams, 75 to 90 kg BW; ewes, 50 to 65 kg BW) and moderate growth (210 to 240 g/d; Guillaumet and Caja, 2001 ). These breeds should be viewed as 2 representative examples of meattype sheep populations from the Mediterranean area.
MATERIALS AND METHODS
Animal care and handling procedures as well as measurements were conducted according to the guidelines of the Council Directive 86/609/EEC (European Communities, 1986) on the protection of animals used for scientifi c purposes. All animal protocols were approved by the Universitat Autònoma de Barcelona (Bellaterra, Spain) Animal Care and Use Committee (reference CEEAH1260).
Data Source
Animals and Management. Analyses focused on 2 different European meat-type sheep breeds, Ripollesa and Lacaune, and their fi rst-generation cross. Among the autochthonous breeds in Spain, the Ripollesa sheep is the most common in the northeast region (R. Bach, personal communication). It is a rustic meat-type breed with convex profi le, white wool, and a characteristic pigmentation with black or dark brown spots on the head and legs (Esquivelzeta et al., 2011) . The meat-type Lacaune is the most abundant sheep breed in France for producing lambs, with a census exceeding 300,000 ewes (Perret et al., 1995) .
A total of 124 pascual-type lambs (Ripollesa, n = 77; Lacaune, n = 14; Ripollesa × Lacaune, n = 33; 58 males and 66 females) from the fl ock Ramaderia Castosa (Bigues i Riells, Barcelona, Spain) were used in this research. These animals were representative of the pascual-type lamb characterized by light BW at slaughter (13.1 kg ± 0.1 kg of carcass weight), which is one of the main types of lambs produced in the Mediterranean region. Lambs were weaned at an age of approximately 30 d and housed indoors (<2 lambs/m 2 ), they were fed with pelleted concentrate diet (15.14% CP; 11.7 MJ/kg of ME) and barley straw for ad libitum consumption, and animals had free access to fresh water. They were slaughtered when reaching 24 to 28 kg of live BW (26.9 kg ± 0.1 kg) at an approximate age of 3 mo.
Weight and Real-Time Ultrasound Measurements. Live BW and ultrasound images were recorded 48 to 72 h before slaughter and by the same experienced, welltrained technician. Identical data collection procedures were applied to all breeds and sexes. An experienced assistant restrained the lamb by keeping a gentle pressure with the left hand under the jaw to prevent forward movement and placing the right arm around lamb's back to stop backward movement. Ultrasound images were obtained using Vet 180 Plus equipment with a C602 to 5 MHz convex transducer (SonoSite, Inc., Bothell, WA). Previous studies indicated that the use of linear or convex transducers did not infl uence measurements of carcass traits, and convex transducers even produced better defi nition of lateral muscle borders (Worsley et al., 2012) . All realtime ultrasound images were taken at the right side of the lamb in 2 anatomical locations, at the thoracic (TV; between the 12th and 13th ribs) and lumbar (LV; between the fi rst and second lumbar vertebrae) levels. Even though the TV (e.g., Silva et al., 2005) and LV (e.g., Ripoll et al., 2009) were previously used as target anatomical locations for ultrasound studies with lambs, alternative locations have also been proposed (Ripoll et al., 2010) . Our choice relied on previous results suggesting greatest predictive properties in these locations (Ripoll et al., 2009 ) although they are not completely free from controversy. This allowed comparison of ultrasound performance in different anatomical locations to identify an optimum location to evaluate carcass and fatness traits in light lambs. The transversal (TR) and longitudinal (LG) views were collected at each anatomical location. More specifi cally, TR images were taken perpendicular to the vertebral column, covering all the longissimus dorsi muscle, whereas LG images were taken parallel to the vertebral column, in the middle of the total length of the transverse apophysis.
For TR images, an anechogenic Superfl ab standoff (SonoSite, Inc.) was needed to ensure proper fi t of the transducer to the curvature of the animal's natural body shape; acoustic gel was used to provide better contact between the probe and the Superfl ab standoff. The proper placement for scanning was determined by palpating the right side of the lamb; after that, wool fi bers were separated with a comb. Vegetable oil was applied to the skin as coupling medium. Pressure on the transducer head was kept to a minimum to avoid compression of fat and muscle. Ultrasound images were recorded for later viewing and analysis.
For each TR image at the TV and LV locations, skin thickness (ST), subcutaneous backfat thickness (BFT), and depth (DLD), width (WLD), and area (ALD) of longissimus dorsi were obtained with the ImageJ 1.42q software (NIH, 2009 ) on the basis of the caliper and rule of the Vet 180 Plus equipment (SonoSite, Inc.). Images were not pretreated or converted; DLD and WLD were obtained with the straight option of the ImageJ software whereas ALD was calculated with the freehand selection tool. The DLD and WLD were the maximum height and width of the loin muscle whereas ST and BFT were evaluated over the maximum muscle depth. By contrast, LG measurements were taken in the midpoint between and second lumbar vertebrae (LV location). For each LG image at the TV and LV locations, ST, BFT, and DLD were also obtained using ImageJ software.
Slaughter Procedure and Cold Carcass Measurements. Between 48 and 72 h after ultrasound measurement, lambs were slaughtered in a commercial slaughterhouse (Carns Riu SL, Caldes de Montbui, Barcelona, Spain). Lambs were electrically stunned, hung by hind legs, exchilled at 4ºC for 24 h. After that, chilled carcasses were weighed and halved. Subcutaneous backfat thickness and DLD, WLD, and ALD were measured on the right-half carcass after ribbing in the same anatomical locations where ultrasounds were previously registered (i.e., TV and LV).
with a ruler whereas ALD was measured with a planimeter after tracing the outer perimeter of the longissimus dorsi on acetate paper. For each individual, all measurements were repeated 3 times and averaged.
All carcasses were graded as U following the stan-E, excellent; U, very good; R, good; O, fair, P, poor) about muscle and fat composition. Nevertheless, this manuscript focused on basic aspects about the reliability of ultrasound measurements for evaluating direct measurements on fat and muscle tissues of the longissimus dorsi area in light lambs and not on the prediction ability of ultrasound measurements on more advanced aspects such as carcass conformation or composition.
Statistical Analysis
Analysis of Ultrasound Reliability. Reliability of in vivo ultrasound measurements in light lambs was evaluated with 2 independent statistical approaches. The intensity of the relationship between ultrasound and carcass measurements was measured by the Pearson product-moment between ultrasound and direct carcass measurements for BFT, DLD, WLD, and ALD with the Correlation procedure (SAS Inst. Inc., Cary, NC). If available, independent anatomical locations (i.e., TV and LV) and ultrasound views (i.e., TR and LG).
Predictive ability of ultrasound data on direct carcass measurements was evaluated using univariate linear regression analysis. Calculations were applied for each combination of ultrasound measurement (independent variable) and direct carcass measurement (dependent variable) with the regression procedure of SAS version 9.1 (SAS Institute Inc., Cary, NC).
Residual Decomposition of Ultrasound Measurements. Even though correlation and regression methodologies provide a preliminary characterization of the accuracy of ultrasound measurements and allow for straightforward comparison with previous studies in lambs, a more detailed analysis was implemented. Following Theil (1966) and Thériault et al. (2009) , the error of prediction for ultrasound measurements as well as its different components were estimated. Errors were evaluated for 4 ultrasound variables (i.e., BFT, DLD, WLD, and ALD) at the 2 anatomical locations; ST was not evaluated because this ultrasound measurement could not be taken from the carcasses. The total measurement error equals the mean square prediction error (MSPE), which was calculated by averaging the squared difference between carcass (CS i ) and ultrasound (US i ) measurements (Herring et al., 1994) ,
, in which n was the total number of individuals contributing data. To characterize the different potential sources of residual variability, MSPE can be decomposed into 3 independent components as proposed by Benchaar et al. (1998) and Pomar and Marcoux (2005) : 1) error of central tendency (ECT), 2) error due to regression (ER), and 3) error due to disturbances (ED ECT was calculated as the square difference between average carcass ( CS ) and ultrasound ( US ) values for each measurement, and accounted for the error that cannot be explained by the regression, representing the dispersion of the points around the regression line (Benchaar et al., 1998) . As noted by Thériault et al. (2009) , the trueness of the measurement is characterized by ECT + ER whereas the precision is evaluated by the ED. Apart from the previous statistical parameters, we also calculated the SE of prediction (SEP) for BFT, DLD, WLD, and ALD traits:
RESULTS AND DISCUSSION

Average Performances of Carcass Traits in Light Lambs
Average values for DLD, WLD, and ALD were similar to those reported in light lambs by Fernández et al. (1997) and Ripoll et al. (2009) at the TV location (Tables  1, 2 , and 3) although these authors reported greater variabilities even when focusing on lighter carcasses. Regarding the BFT, pascual-type lambs used in this study were leaner than similar individuals from other Spanish sheep breeds such as Rasa Aragonesa (Delfa et al., 1995; Ripoll et al., 2009 ), Churra Tensina (Ripoll et al., 2010) , and Manchego, Merino, and Ile de France × Merino (Fernán-dez et al., 1997) . Lean carcasses are of special interest for this kind of lamb production, providing additional economic value to lamb production in Mediterranean areas where leaner animals are preferred (Alfonso et al., 2001; Font i Furnols et al., 2006; Teixeira et al., 2006) . Direct carcass measurements did not provide sig-P > 0.05) when comparing the 2 anatomical locations (i.e., thoracic vs. lumbar; Table  3 ), and the same pattern was revealed for ultrasound measurements (Tables 1 and 2 ). When comparing direct (P < 0.05) were discarded for all traits with the only exception of BFT. It is important to highlight that real-time ultrasound underestimated BFT (P < 0.05) in all anatomical locations and probe orientations. This could be due to the thinness of the fat layer in these lambs, and Ripoll et al. (2009) related this underestimation to the pressure of the probe. The remarkable underestimation of BFT suggested a limited applicability of real-time ultrasound in pascual-type light lambs for evaluation of fatness, which is a basic criterion for quality and price in Mediterranean countries (Sañudo et al., 2000) .
Reliability between Ultrasound and Direct Carcass Measurements
Correlation Coeffi cients. Pearson product-moment correlation coeffi cients between real-time ultrasound and direct carcass measurements are shown in Table 4 . With the only exception of BFT, all traits provided large and signifi cant (P < 0.05) correlations with estimates ranging between 0.611 (DLD lumbar level) and 0.884 (DLD thoracic level). Note that correlations were similar (P > 0.05) for the TV and LV locations (Table 4 ) and greater for transversal ultrasound views than for longitudinal views; differences among ultrasound views were signifi cant (P < 0.05), with the only exception of BFT at the thoracic level (P < 0.1). These results suggest that longitudinal views could be of limited interest in light lambs whereas the thoracic and lumbar anatomical locations must be viewed as alternative options with similar performances.
Correlation coeffi cients for BFT were less than those reported for heavier animals (32 to 63 kg; Leeds et al., 2008; Sahin et al., 2008; Thériault et al., 2009; Emenheiser et al., 2010a,b) . Ripoll et al. (2009 Ripoll et al. ( , 2010 also provided larger correlation coeffi cients for light lambs from Churra Tensina and Rasa Aragonesa sheep breeds whereas our estimates for BFT exceeded the correlation reported by Teixeira et al. (2006) and Thériault et al. (2009) . Even though BFT correlation coeffi cients obtained in this study were all signifi cant (P < 0.05), they were smaller than for the remaining traits. This can be due to random error in ultrasound measurements introduced by the minimal pressure applied on the transducer head during ultrasound collection; the precision of the ultrasound equipment could also have a substantial impact in terms of random error when measuring thin tissues such as the subcutaneous fat layer in light lambs. Moreover, the dressing procedures, namely the skinning and the cutting, can lead to alterations of the backfat tissue that can be responsible for the smaller correlation coeffi cients observed (Teixeira et al., 2006) .
Correlations for WLD and DLD clearly exceeded the ones provided by Ripoll et al. (2010) in Churra Tensina lambs and Orman et al. (2008) in Awassi lambs whereas ALD showed correlations smaller than previous estimates provided by Fernández et al. (1997; 0.88) , Silva et al. (2006; 0.95), and Sahin et al. (2008; 0.82) . This could be linked to the probe because all these studies used a probe of greater frequency (5 to 8 MHz), resulting in greater image quality. Nevertheless, we found larger correlations between ultrasound and carcass values in younger lambs than Leeds et al. (2008; 0.75) and Emenheiser et al. (2010a,b;  0.54 to 0.76 and 0.66, respectively), using a probe with similar frequency.
Linear Regression Analyses. All regression coeffi cients were signifi cant (P < 0.05) and less than 1 as shown in Figures 1, 2, 3 , and 4. The relationship between carcass and real-time ultrasound measurements evidenced both over-and underestimation depending on the analyzed trait. Indeed, departures from the hypothetical identity line evidenced 2 main patterns. Whereas BFT and lumbar DLD reported an increasing underestimation when monitoring by ultrasound, thoracic DLD, WLD, and ALD provided under-and overestimations for small and large values of carcass traits, respectively (Figures 1, 2, 3, and 4) . This remarkable underestimation of BFT agreed with previous results reported by Ripoll et al. (2009) and, as suggested by them, this could be due to pressure on the probe and must be more important in fatter lambs. Indeed, underestimation in fatter individuals was previously reported by several authors such as Leeds et al. (2008) and Ripoll et al. (2010) . These results agreed with the smaller correlation coeffi cients reported for BFT (Table 4 ) and must be linked to proportionally greater errors of measurement that can be anticipated for traits at small depths (Young and Deaker, 1994) . Remaining traits provided larger regression coeffi cients although suggested a slight bias characterized by signifi cant (P < 0.05) intercept terms in all cases. The r 2 indicated that ultrasound measurements captured at least approximately 50% of the vari- (Figures 2, 3, and 4) . These estimates were slightly smaller than the ones reported by Fernández et al. (1998) although these authors also accounted for live BW in the regression model. Excluding DLD, Silva et al. (2006) provided greater r 2 estimates. Our results suggest that ultrasound provides a nondestructive means of measuring carcass traits in light lambs, probably suffering from less accurate estimates when evaluating BFT. As a tool, ultrasound has applications in a wide range of ages and weights of animals, and the precision may vary according to the physiological maturity stage of the various body tissues (Fernández et al., 1998; Teixeira et al., 2006; Ripoll et al., 2010) and their absolute size (Young and Deaker, 1994) . This is confi rmed by the results of this study, in which correlations involving fat tissue development are less than those involving (earlier maturing) muscle tissues, which again refl ect the young age of the lambs. When comparing data from the 2 anatomical locations, regression equations provided very slight differences. This is clearly evidenced in Figures 3 and 4 although companion plots for BFT (Figure 1 ) and DLD (Figure 2 ) suggested the same trend. As previously discussed for average ultrasound values (Tables 1 and 2 ), the real-time ultrasound evaluation could be carried out in both anatomical locations with similar performances. By contrast, regression lines for LG views showed larger departures from the unity line than for TR views (Figures 1 and 2) , suggesting larger underestimations for BFT and DLD. Within this context, the implementation of ultrasound evaluation of fatness and carcass traits in lambs must focus on TR images. Linear regression of ultrasound (US) depth of longissimus dorsi (independent variable) against direct carcass depth of longissimus dorsi (dependent variable) at the thoracic (a) and lumbar (b) levels. Ultrasound images were taken on the longissimus dorsi muscle, transversal (black) and longitudinal (grey) to the longitudinal axis of the lamb. The discontinuous thin black line characterizes the hypothetical perfect fi t (unity line).
Residuals for Ultrasound Data
Residual Decomposition. Reports about the accuracy of ultrasound measurements for predicting carcass traits in lambs are scarce. Most of the previous studies that have used ultrasound techniques to characterize carcass traits in lambs have been restricted to correlation coeffi cients between direct and ultrasound measurements. Even though the correlations are a direct measure of the relationship between ultrasound and direct measurements (Houghton and Turlington, 1992; Leeds et al., 2008) , they were of limited value for decomposing residuals because they did not measure the different types of errors accounting for the accuracy of ultrasound images. Within this context, the estimation of MSPE and its decomposition into 3 independent sources of residual variability becomes of special relevance in our study. The estimation of the MSPE has only been reported in lambs by Thériault et al. (2009) although this study was conducted with heavier body weights (36 to 54 kg) and the backfat and skin thicknesses were measured together. Moreover, there are no previous results about WLD and ALD traits in sheep.
In general, our error estimates for BFT and DLD (Tables 5 and 6 ) were less than those reported by Théri-ault et al. (2009) for heavier (47 kg of live body weight) and older (130.9 d) lambs even when using a probe with similar frequency and without shearing the wool. When MSPE was decomposed, the ED was linked to the unexplained variance, representing the portion of MSPE that could not be eliminated by linear corrections and needs to be minimized (Theil, 1966) . For transversal ultrasound images, we found that ED contributed the most to MSPE (43.5 to 98.0% of the total error; Table 5 ), except BFT (thoracic level, 12.5%; lumbar level, 38.5%). Longitudinal ultrasound images showed a similar trend (Table 6) , where ECT contributed the most to MSPE for BFT (>65%) and DLD evidenced contradictory results when comparing thoracic (ED = 75.8%) and lumbar (ED = 18.5%) images. These results partially disagree with Thériault et al. (2009) who found smaller ED values (11 and 30% for BFT and DLD, respectively). The different ED values obtained could be explained by the fact that Thériault et al. (2009) used a preparation table to restrain the lambs and the wool fl eeces were sheared. In the study conducted by Thériault et al. (2009) , animal movement during the capture of ultrasound images Figure 3 . Linear regression of ultrasound (US) width of longissimus dorsi (independent variable) against direct carcass width of longissimus dorsi (dependent variable) at the thoracic (black) and lumbar (grey) levels. Ultrasound images were taken on the longissimus dorsi muscle, transversal to the longitudinal axis of the lamb. The discontinuous thin black line characterizes the hypothetical perfect fi t (unity line). . Linear regression of ultrasound (US) area of longissimus dorsi (independent variable) against direct carcass area of longissimus dorsi (dependent variable) at the thoracic (black) and lumbar (grey) levels. Ultrasound images were taken on the longissimus dorsi muscle, perpendicular to the longitudinal axis of the lamb. The discontinuous thin black line characterizes the hypothetical perfect fi t (unity line).
induces this type of error although there could also be other sources such as the ribbing process. Anyway, these results and the departures with Thériault et al. (2009) suggest that appropriate restraint and shearing of the lambs could be of special interest if ultrasound measurements are systematically implemented by the sheep industry for carcass evaluation of light lambs.
The ECT was a relevant contribution to the MSPE (0.04 to 10.2%; Tables 5 and 6) when focusing on BFT and DLD (14.7 to 80.0%), which is less remarkable for WLD and ALD in TR views (0.7 to 15.9%) and moderate in LG views (14.7 to 72.2%). This kind of error characterized the bias between carcass and ultrasound measurements and can be easily removed by adding the value of the bias to the ultrasound measurement. As noted before, the pressure applied on the transducer head during ultrasound collection could be partially responsible for this kind of error, and this hypothesis agrees with the largest contribution on perpendicular-to-the-transducer measurements (BFT and DLD) than the remaining ones.
Finally, ER represented the departure from the unity slope when plotting ultrasound measurements against carcass measurements. This error had a moderate-tosmall contribution to MSPE (1.0 to 25.0%; Tables 5 and 6), and reported values for BFT and DLD fell within the range of estimates provided by Thériault et al. (2009) in Suffolk and Dorset lambs. Even though this kind of error can be corrected by regression, the ER implies that the bias is not constant and varies depending on the magnitude of the measurements (Thériault et al., 2009) .
As a whole, trueness of ultrasound data was evaluated by ECT and ER, evidencing moderate departures that could be easily corrected by applying appropriate correction factors and regression procedures, respectively. By contrast, potential sources of variability (e.g., lamb restraint and wool shearing) must be kept to the minimum when applying ultrasound techniques to minimize the relevant impact of ED. This conclusion could be of special relevance in light lambs because their smaller body sizes could create proportionally greater error of measurement for traits at small depths (Young and Deaker, 1994) .
Standard Error of Prediction. The SEP is an alternative statistic commonly used to validate the accuracy of ultrasound measurements in other animals but not in lambs (Emenheiser et al., 2010b) . In lambs, the results available in the scientifi c literature to evaluate the accuracy of ultrasound measurements explaining the different potential sources of residual variability have focused on heavy lambs (Thériault et al., 2009 ). The SEP was also calculated as an alternative statistic to evaluate the precision of the ultrasound measurements. The SEP for BFT in this study (Tables 5 and 6 ) were slightly greater than those reported by other authors (Tait et al., 2005; Leeds et al., 2008; Thériault et al., 2009; Emenheiser et al., 2010b) although clearly smaller than the maximum value of 0.25 cm established by Tait et al. (2005) for fat measurements in lambs. The SEP for DLD (Tables 5 and  6 ) were less than the values reported by Thériault et al. (2009) . In the case of WLD, the resulting SEP (0.35 and 0.37 cm for TV and LV locations, respectively) could not be compared because there are no previous studies that report the SEP for this measurement. The SEP for ALD in the present study (0.93 and 1.09 cm 2 for TV and LV locations, respectively) was less than those reported by Tait et al. (2005; 1. 92 to 2.18 cm 2 ), Leeds et al. (2008; 1.55 cm 2 ), and Emenheiser et al. (2010b; 1.86 to 2.22 cm 2 ), suggesting that our ultrasound estimates are more accurate than those obtained in earlier reports. 
LITERATURE CITED
